Rain, rain, gone away. Decreased growing season rainfall for the dryland cropping region of south-western Australia by Scanlon, Tim & Doncon, Greg
Research Library 
Journal articles Research Publications 
2-27-2020 
Rain, rain, gone away. Decreased growing season rainfall for the 





Follow this and additional works at: https://researchlibrary.agric.wa.gov.au/j_article 
 Part of the Agronomy and Crop Sciences Commons, and the Climate Commons 
Recommended Citation 
Scanlon Timothy T., Doncon Greg (2020) Rain, rain, gone away: decreased growing-season rainfall for the 
dryland cropping region of the south-west of Western Australia. Crop and Pasture Science 71, 128-133. 
https://doi.org/10.1071/CP19294 
This article is brought to you for free and open access by the Research Publications at Research Library. It has 
been accepted for inclusion in Journal articles by an authorized administrator of Research Library. For more 
information, please contact jennifer.heathcote@agric.wa.gov.au, sandra.papenfus@agric.wa.gov.au, 
paul.orange@dpird.wa.gov.au. 
Rain, rain, gone away. Decreased growing season rainfall for the dryland cropping 1 
region of south-western Australia 2 
Timothy T Scanlon1 and Greg Doncon2 3 
1 Department of Primary Industries and Regional Development, 75 York Road (PO Box 4 
483), Northam WA 6401 5 
2 Department of Primary Industries and Regional Development, PO Box 432, Merredin WA 6 
6415 7 
Email: timothy.scanlon@agric.wa.gov.au  8 
 9 
Abstract 10 
The shift in Indian Ocean sea surface temperatures (SST) in 1976 led to a change in 11 
rainfall for the wheatbelt (broad-scale winter annual grain cropping and pasture region) in 12 
south-western Australia. Agriculture in the eastern wheatbelt was particularly sensitive to this 13 
change in rainfall, as this is a marginal area for agronomic production with low rainfall prior 14 
to changes in sea surface temperature. A second shift in SST occurred in 2000, but there has 15 
been no analysis of the resulting impact on eastern wheatbelt rainfall. An analysis of rainfall 16 
for pre and post 2000 was performed for weather eastern wheatbelt sites in three groups of 19 17 
west, 56 central, and 10 east rainfall sites. The analysis found that there had been a decline in 18 
growing season rainfall (i.e. rainfall occurring from April to October), especially in the May 19 
to July period, post-2000. The decline of 49.9, 39.1, and 28.0 mm was a loss of 20.1%, 20 
17.4%, and 14.2% of growing season rainfall. The 31.0, 33.6, and 50.7 mm (57.8%, 60.8%, 21 
and 87.6%) increases in out of season rainfall made annual rainfall changes smaller than 22 
growing season changes. The west and central groups lost 17.5 6.16 mm of annual rainfall, 23 
whilst the east group gained 15.6 mm. An analysis of wheat yield indicates that it will be 24 
reduced by 13.5% and 9.90% in the eastern wheatbelt, except for the small group of east sites 25 
which potentially gain 8.9% due to increased out of season rainfall. Further, increased out of 26 
season rainfall will exacerbate weed and disease growth over the summer fallow. 27 
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  32 
Introduction 33 
Annual crop production in the wheatbelt (broad-scale winter annual grain crop and 34 
pasture region) of south-west Western Australia (WA) is directly related to winter dominated 35 
growing season (April to October) rainfall (Rossiter and Ozanne 1970). The area has a 36 
Mediterranean-type climate with wet, cool winters and dry, hot summers (di Castri, et al. 37 
1973). Rainfall is strongly seasonal and more than 75% of the rain falls between May and 38 
October (di Castri, et al. 1973). Summer rainfall falling outside of the growing season is 39 
strongly influenced by easterly troughs that are irregular and linked to the southern annular 40 
mode index and Southern Oscillation Index (SOI) (Raut, et al. 2014). While some of the 41 
summer rainfall may be stored in the soil for use by winter annual crops, most of it will be 42 
lost to evaporation or used by weeds (Cameron and Storrie 2014). Control of summer weeds 43 
is necessary to protect the yield potential of the subsequent crop, and costs $18.41/ha in the 44 
eastern wheatbelt; more than any other part of the WA wheatbelt (Llewellyn, et al. 2016). 45 
The inter-annual rainfall variation within the wheatbelt is related to the Indian Ocean 46 
sea surface temperature (SST), which is in turn governed by SST variations between the 47 
Indian and Pacific oceans, termed the SOI (England, et al. 2006; Bates, et al. 2008; 48 
Ummenhofer, et al. 2008). There have been two shifts in SST affecting seasonal rainfall in 49 
the wheatbelt. The first occurred in 1976 and resulted from subsurface temperature anomalies 50 
in the south tropical Pacific Ocean (Giese, et al. 2002). The second occurred in 2000, 51 
resulting from the post 1997-98 El Nino and increased accumulation of heat in the deep 52 
oceans (Balmaseda, et al. 2013). 53 
The 1976 shift in climate decreased annual rainfall by 15-20%, decreased winter 54 
growing season rainfall by 10%–20%, and increased summer rainfall by 40%–50%, resulting 55 
in increased moisture stress for the winter annual crops and reduced run-off into dams by 56 
50% (Charles, et al. 2004; Samuel, et al. 2006; Bates, et al. 2008; Silberstein, et al. 2012; 57 
Stephens, et al. 2012; Raut, et al. 2014; Smith and Power 2014). Rainfall in the wheatbelt is 58 
expected to continue to decrease in winter and spring but current projections for rainfall and 59 
subsequent crop growth use baselines that don’t account for the second climate shift in 2000 60 
(CSIRO and Bureau of Meteorology 2007; IPCC 2007). During the last 30 years, the region 61 
has seen a significant drop in winter rain (Jakob, et al. 2012). Future climate scenarios for the 62 
region vary, however, one of the more likely scenarios is a reduction in winter rainfall of 63 
about 15% by 2030 and 30% by 2070 (Jakob, et al. 2012). This reduction in rainfall could be 64 
a significant threat to the grain industry in south-west WA. 65 
The low rainfall areas of the wheatbelt are especially vulnerable to changes in rainfall 66 
from climate change as they have low gross margins (Planfarm and Bankwest 2014). It is 67 
important to quantify the changes for the low rainfall areas, such as those of the eastern 68 
wheatbelt, so that appropriate agronomic changes can be enacted. It is expected that the 69 
historical rainfall record will show a significant change in the growing season and out of 70 
season rainfall due to the 2000 climate shift. It is hypothesised that the climate record for the 71 
eastern wheatbelt will indicate lower growing season (April to October) rainfall and greater 72 
rainfall over the summer fallow. 73 
 74 
Methods 75 
Weather station sites in the eastern wheatbelt were identified in the Patched Point 76 
Dataset for the shires Bruce Rock, Kellerberrin, Koorda, Merredin, Mount Marshall, 77 
Mukinbudin, Narembeen, Nungarin, Trayning, Westonia and Yilgarn (SILO 2014). Patched 78 
Point Data is part of the Scientific Information for Land Owners (SILO) enhanced climate 79 
database of Australian climate data, which has all available climate data from 1889 to 80 
present. The weather stations in the study shires were comprised of 85 sites (Figure 1). Real 81 
daily data was obtained for all years available for each site, with the range from 1889 to 82 
2013. Data quality were assessed prior to analysis and missing data points, such as periods 83 
before individual weather stations were established, were taken into account in the 84 
subsequent analysis. 85 
A kriging spatial analysis was performed using Vesper 1.6 and pre-2000 growing 86 
season rainfall (Whelan, et al. 2002). This identified three groups, categorised as west (19 87 
sites), central (56 sites), and east (10 sites), shown in Figure 2. These groups were analysed 88 
using Genstat ANOVA (Genstat 2013). Discrete analyses of time periods for individual 89 
months (Jan-Dec), growing season (April-Oct), out of season (Nov-Mar), and Annual were 90 
analysed using the treatment stratum pre-2000 (1889-1999) and post-2000 (2000-2013) and 91 
with sites used as the block stratum. Rainfall data was variable, mainly due to out of season 92 
rainfall which had many zero values and very high values. As a result, log transformations 93 
were performed to normalise the residuals. Significant differences were identified with p 94 
values. Means and standard errors of differences were back-transformed for ease of 95 
interpretation. 96 
Further descriptive statistics of deciles were calculated using Excel 2010 with the 97 
Analysis ToolPak add-in. Deciles were calculated using the pre-2000 data. These values were 98 
used to perform counts of decile 4 and above (non-dry season) years for the growing season 99 
and out of season rainfall periods. 100 
The French-Schultz model was used to compare the impacts on the average yield of 101 
wheat in eastern wheatbelt groups with the rainfall figures from the above analyses (French 102 
and Schultz 1984). The yield estimation calculation was performed using 30% of January to 103 
March rainfall (stored moisture), 30% of April to October rainfall (evaporation), April to 104 
October (growing season) rainfall and a water use efficiency of 10 kg/mm/ha (French and 105 
Schultz 1984) 106 
 107 
Results 108 
The west group of eastern wheatbelt sites had a decline in annual rainfall of 17.5 mm 109 
(p<0.001, Table 1), which resulted from a loss of 49.9 mm (p<0.001) in the growing season 110 
(April to October), and a gain of 31.0 mm (p<0.001) in out of season rainfall (November to 111 
March). The loss in growing season rainfall predominantly resulted from a decline in May 112 
(6.00 mm), June (21.9 mm), and July (6.99) rainfall (p<0.001). The out of season rainfall 113 
increase predominantly resulted from increased January rainfall of 8.43 mm (p<0.001). 114 
Besides April, August, and September, all months had changes in rainfall. 115 
Compared to long term deciles, out of season rainfall had increased while growing 116 
season had decreased (Table 2). When compared to the pre-2000 deciles, the west group had 117 
32.5% more years of decile 4 rainfall or above. For the growing season, there were 23.8% 118 
less years of decile 4 and above rainfall (Table 3). 119 
Unlike the west group, the central group did not have a significant change in annual 120 
rainfall (6.16 mm, p=0.053, Table 1). This was due to a smaller loss in growing season 121 
rainfall and a larger gain in out of season rainfall. The growing season lost 39.1 mm of 122 
rainfall (p<0.001), predominately from a decline in the May (6.74 mm, p<0.001), June (19.0 123 
mm, p<0.001), and July (5.55 mm, p<0.001) rainfall. The out of season rainfall increased by 124 
33.6 mm (p<0.001), the majority of that falling in January (10.2 mm, p<0.001). Aside from 125 
March and August, all months had changes in rainfall. Very similar changes were seen in the 126 
number of years with decile 4 and above years for both growing and out of season rainfall as 127 
the west group (Tables 2 and 3). 128 
The smaller east group gained annual rainfall (15.6 mm, p=0.049, Table 1). This was 129 
due to a smaller loss in growing season rainfall (28.0 mm, p<0.001), and a larger gain in out 130 
of season rainfall (50.7 mm, p<0.001). The growing season losses in May (6.23 mm, 131 
p=0.002), June (15.1 mm, p<0.001), and July (4.45 mm, p=0.011) rainfall were in contrast to 132 
the 12.5mm gain in January (p<0.001). Aside from April, August and October, all months 133 
had changes in rainfall. The growing season had similar changes in years with decile 4 and 134 
above years (Table 3), while the out of season had slightly more years above decile 4 than the 135 
other two groups (33.4 versus 32.9%, Table 2). 136 
The rainfall changes from Table 1 were inputted into the French-Schultz yield 137 
estimation calculation. The water-limited yield changes indicate that rainfall impacts upon 138 
yields resulted in losses of 256.2 kg/ha (13.5%) and 173.0 kg/ha (9.9%) in the west and 139 
central groups. The east group saw a gain of 138.9 kg/ha (8.9%) from the larger predicted soil 140 
moisture from increased summer rainfall. 141 
 142 
Discussion 143 
This study confirms the hypothesis that there has been a decline in growing season 144 
rainfall in the eastern wheatbelt since the year 2000. The decline in wheatbelt rainfall post-145 
2000 had previously been noted by Jakob et al. (2012). However, this prior study included 146 
non-wheatbelt areas, such as high rainfall coastal areas, that limits understanding of impacts 147 
further inland in the eastern wheatbelt. The study also did not note any changes to out of 148 
season rainfall, possibly because the analysis covered differing rainfall periods than the 149 
growing and out of season periods used here, or because the eastern wheatbelt area differs 150 
from other areas in the south-west of WA. These changes in rainfall for the eastern wheatbelt 151 
are linked to the changes in the climate systems that drive south-western Australian rainfall 152 
patterns (Jakob, et al. 2012). Previous changes in SST had caused a shift in the frequency and 153 
intensity of frontal systems that deliver the majority of growing season rainfall resulting in a 154 
decrease of 10-20% across the south-west of WA between 1940 and 2010 (Raut, et al. 2014). 155 
This study suggests that a 28.0 to 49.9% decline in growing season rainfall has occurred in 156 
the eastern wheatbelt in the period 2000-2013. The incidence of average and wetter years 157 
(decile 4 and greater) has declined, meaning 23.8% more dry growing seasons. The climate 158 
system has likely reached another shifting point, resulting in the decreased rainfall seen in 159 
this analysis (Jakob, et al. 2012). 160 
The results confirmed that this change in rainfall would reduce the potential yield of 161 
wheat and other crops. The yield impacts estimated in this study were small (8.9, -9.9, and -162 
13.51%) and tempered by the increases in out of season rainfall. Changes to growing season 163 
rainfall were predominantly in the May to July period, which is when crop establishment 164 
occurs, and is likely to have implications to crop growth and yield beyond what a simple 165 
water estimation yield calculation can surmise (Anderson, et al. 2004). This result is 166 
supported by Stephens et al. (2012) who noted that in the southern cropping regions of 167 
Australia, wheat yield increased by 2.1% per annum at the turn of the century, but only 168 
increased by 0.6% per annum at the end of the 2000s (in spite of continuing wheat breeding 169 
programs), coinciding with rainfall declines. The increased out of season rainfall is occurring 170 
in a warming climate, so how positively it is impacting crop yields is hard to ascertain from 171 
this study (Jakob, et al. 2012). Further analysis of the farming system and more complex 172 
modelling would be required to determine the full impact of the reduced growing season and 173 
increased out of season rainfall on the agronomic system.  174 
The increase of out of season rainfall has several implications for farm management. 175 
In the case of the central and east groups, the conclusion drawn from an analysis of annual 176 
rainfall would be of unchanged or increased rainfall rather than of radically changed annual 177 
distribution patterns. While the change in out of season rainfall could be viewed as offsetting 178 
the losses in the growing season, this is not necessarily the case. The largest increase in 179 
rainfall was in January with 8.43 to 12.5 mm averages. There were 32.9 to 33.4% more years 180 
with average or wet (decile 4 and above) out of season rainfall. This rainfall comes from 181 
tropical thunderstorms which tend to be scattered and followed by periods of hot dry 182 
conditions, which makes the falls of limited value to winter season cropping for some soil 183 
types (Hunt and Kirkegaard 2011; Jakob, et al. 2012). Further, summer rainfall can lead to 184 
weed growth that utilises this moisture, and this ‘green bridge’ hosts a variety of crop pests 185 
and pathogens (Hawkes and Jones 2005; Michael, et al. 2010). The benefits of increased 186 
stored soil moisture are only apparent when summer weeds are controlled, for moisture 187 
conservation and weed and disease issues, and when the costs of this control are accounted 188 
for (Cameron and Storrie 2014; Llewellyn, et al. 2016). 189 
The characterisation of the new rainfall patterns for southern WA is very important 190 
for adaptation and mitigation strategies, especially for the eastern wheatbelt areas highlighted 191 
in the current study. Since the last climate shift of the 1970s, the improvements in agricultural 192 
productivity (primarily wheat yields) have come from management and agronomic 193 
improvement, and improved genotypes which have improved rainfall-use efficiency (Turner 194 
2004). The post-2000 climate shift will require a similar improvement in rainfall-use 195 
efficiency, but developing such improvements will first require improved understanding of 196 
the extent and type of the change in the local climate. This will also allow for better 197 
understanding of genotype–environment interactions which can limit genetic gain for 198 
complex traits such as tolerance to drought (Chenu, et al. 2011). 199 
This analysis is limited to the monthly rainfall changes in the eastern wheatbelt. It did 200 
not investigate the frequency of rainfall fronts/events, nor did it investigate size and intensity 201 
of falls, something that was highlighted in previous analyses of the 1976 climate shift (Bates, 202 
et al. 2008). Further analysis of other agronomic areas of south-west Western Australia is 203 
required, as is an analysis of possible changes to measures such as temperature, to investigate 204 
post-2000 shifts in climate. Further work on the drivers of these climate changes is also 205 
required, especially for the post-2000 period. These changes are likely to require re-206 
evaluations of projections based upon only the 1976 shift in climate, to include a post-2000 207 
shift. Once the changes in climate are understood, an in-depth analysis of their impact on the 208 
farming system is required. 209 
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Figure 1: Locations of Patched Point Data weather stations in the eastern wheatbelt of south-
west Western Australia. 
 
Figure 2: Kriging spatial analysis of 85 eastern wheatbelt sites of Western Australia for pre-2000 growing season rainfall. Predicted distribution 
denotes three groups designated west (blue), central (green), and east (red). 
 
Table 1: Mean monthly, annual, growing season and out of season rainfall (mm), from all 1 
available weather records pre-2000 and post-2000 (2000 to 2013), and change in rainfall 2 
(mm) pre and post 2000, for the west (19 sites), central (56 sites) and east (10 sites) groups of 3 
the eastern wheatbelt. P values indicate where the change in rainfall was significant for each 4 
discrete period and standard errors (SE) are presented to separate means. 5 
Site Period of the year Pre-2000 Post-2000 Change SE 
West January 3.60 12.0 8.43 *** 0.097 
February 4.86 6.45 1.59 * 0.098 
March 8.35 6.78 -1.57 * 0.094 
April 13.2 11.4 -1.81 (ns) 0.074 
May 31.3 25.3 -6.00 *** 0.062 
June 48.2 26.3 -21.9 *** 0.035 
July 46.0 39.0 -6.99 *** 0.034 
August 35.4 35.1 -0.23 (ns) 0.037 
September 21.7 22.7 1.05 (ns) 0.043 
October 13.4 9.7 -3.67 *** 0.063 
November 6.06 10.09 4.03 *** 0.080 
December 4.82 8.59 3.77 *** 0.090 
Annual 315.2 297.7 -17.5 *** 0.017 
Growing season (Apr-Oct) 247.7 197.8 -49.9 *** 0.017 
Out of season (Nov-Mar) 53.6 84.6 31.0 *** 0.051 
Central January 3.95 14.1 10.2 *** 0.054 
February 5.63 7.24 1.61 *** 0.056 
March 8.19 8.96 0.77 (ns) 0.055 
April 12.1 10.5 -1.60 ** 0.045 
May 28.7 22.0 -6.74 *** 0.035 
June 43.0 24.0 -19.0 *** 0.022 
July 41.6 36.1 -5.55 *** 0.020 
August 31.6 31.1 -0.41 (ns) 0.023 
September 18.0 22.2 4.15 *** 0.026 
October 10.6 9.5 -1.08 ** 0.038 
November 5.68 9.0 3.30 *** 0.047 
December 4.85 7.0 2.17 *** 0.051 
Annual 292.9 286.7 -6.16 (ns) 0.011 
Growing season (Apr-Oct) 225.0 185.9 -39.1 *** 0.011 
Out of season (Nov-Mar) 55.2 88.8 33.6 *** 0.028 
East January 4.74 17.2 12.5 *** 0.130 
February 6.55 11.6 5.04 *** 0.136 
March 7.63 12.7 5.05 *** 0.141 
April 11.5 12.0 0.47 (ns) 0.121 
May 25.0 18.8 -6.23 ** 0.090 
June 35.6 20.5 -15.1 *** 0.059 
July 35.1 30.6 -4.45 * 0.053 
August 26.8 26.3 -0.50 (ns) 0.060 
September 14.6 20.7 6.06 *** 0.067 
October 9.02 8.9 -0.14 (ns) 0.096 
November 5.97 8.9 2.94 *** 0.116 
December 5.11 7.1 2.00 * 0.126 
Annual 269.3 285.0 15.6 * 0.029 
Growing season (Apr-Oct) 197.7 169.6 -28.0 *** 0.029 
Out of season (Nov-Mar) 57.9 108.5 50.7 *** 0.068 
(ns) not significant, *p=0.05, **p=0.01, ***p<0.001 6 
NB: Each period is discrete, thus cannot be summed. 7 
  8 
Table 2: Percentage of years pre and post 2000 that had out of season rainfall of decile 4 or 9 
greater for the west, central, and east sites of the eastern wheatbelt. 10 
 % Years > Decile 4 
 West Central East 
Pre-2000 60.4 60.4 59.5 
Post-2000 92.9 92.9 92.9 
Difference 32.5 32.9 33.4 
 11 
Table 3: Percentage of years pre and post 2000 that had growing season rainfall of decile 4 or 12 
greater for the west, central, and east sites of the eastern wheatbelt. 13 
 % Years > Decile 4 
  West Central East 
Pre-2000 59.5 59.5 59.5 
Post-2000 35.7 35.7 35.7 
Difference -23.8 -23.8 -23.8 
 14 
